ABSTRACT
INTRODUCTION
Menopause tends to be associated with increased body weight (1, 2) and a shift to abdominal fat distribution (3, 4) . Although estrogen deficiency appears to be a major regulator of shifts in fat distribution during menopause, it is less clear whether estrogen directly regulates body weight changes. Studies of hormone replacement therapy (HRT) in postmenopausal women present conflicting results with regard to effects on body weight or fat. The Postmenopausal Estrogen/Progestin Intervention trial, for example, showed that women who received HRT gained less weight over 3 y than did women who did not receive hormones, regardless of the type of HRT (5) . On the other hand, O'Sullivan et al (6) observed that oral HRT increases body fat, whereas transdermal HRT decreases it.
Poehlman et al (2) suggested that changes in energy expenditure (EE) and dietary intake patterns may play a role in weight gain during menopause. In a longitudinal study of perimenopausal women, they reported that women who experienced menopause had greater decreases in resting metabolic rate and leisure-time physical activity than did women of the same age who remained premenopausal. Both groups of women slightly increased their energy intake; thus, the women who experienced menopause had a significantly greater positive energy balance than did the premenopausal women.
Several investigators reported differences in EE between premenopausal African American and white women (7) (8) (9) (10) (11) (12) . These differences were typically in studies where whole-room calorimetry was used so that sleeping (ie, basal) EE could be measured directly. To our knowledge, the assessment of ethnic differences in EE or physical activity patterns in perimenopausal women has not yet been performed. Because African American women have a high prevalence for obesity (13) and menopause is a time of increased risk for obesity development in women, the present study investigated ethnic differences in EE and dietary intakes in a cohort of women participating in a longitudinal study of the menopause transition. Baseline cross-sectional data from this cohort are presented. Ethnic differences in dietary intakes, physical activity, and energy expenditure in middle-aged, premenopausal women: the Healthy Transitions Study
SUBJECTS AND METHODS

Subjects
Volunteers were recruited by advertisement and word of mouth from the Baton Rouge, LA, area. To be eligible for the study, the women had to be healthy, had to be ≥ 43 y of age, and have had ≥ 5 menstrual periods in the 6 mo before screening. All potential volunteers underwent a 3-step screening process that included measures of blood chemistry and lipids, a physical exam, and a psychological interview to determine their ability to complete a 4-y longitudinal study. Women were excluded if they were taking medication regularly (including hormones), were not having regular menstrual cycles, or had clinically abnormal results from laboratory tests or the physical examination. If a volunteer was found eligible, she signed an informed consent form and completed baseline assessments (see below). Fifty-two African American and 97 white women who had complete dietary and activity records were included in the present analysis. Race was determined by self-reported black or white ancestry in both parents and grandparents. All procedures were in accord with the ethical standards of the Louisiana State University Institutional Review Board, who approved the protocol and informed consent form.
Body composition
Height and weight were assessed in subjects wearing hospital gowns and who had fasted overnight. Body composition (fat and lean mass) was determined by dual-energy X-ray absorptiometry (DXA) (Hologic QDR2000; Hologic Inc, Waltham, MA).
Physical activity measures
Physical activity was assessed in 3 ways. First, subjects completed a previously validated physical-activity-recall questionnaire (14) that asks about both leisure and occupational physical activity performed over the past year and the past week. For the past year and past week, the average number of hours per week of each activity was calculated and the total hours of all activities were totaled to provide a total for that week. The total hours per week of each activity were multiplied by the estimated metabolic cost of the activity to provide estimated EE (metabolic cost of activity/wk or kcal/wk). Data from the physical activity recall were expressed as leisure activity reported in the week before the clinic visit and total activity (leisure and occupational activity) over the past year. Second, subjects wore a triaxial motion sensor (Tritrac; Reining Inc, Madison, WI) for 4 consecutive days, including 1 weekend day, after their clinic visit. Data from this motion sensor are expressed as total daily EE (which includes measured activity plus the calculated resting metabolic rate) and physical activity EE only. Finally, on the 4 days when subjects wore the accelerometer, they also completed a detailed 24-h activity record (15) . On this record the subjects were asked to record whether they were sleeping, sitting, standing, watching television or videos, or exercising during each hour of the day.
Twenty-four-hour EE
Twenty-four-hour EE and its components were determined in a subset of 56 women (12 African Americans and 44 whites) with a whole-room calorimeter. Details about the calorimeter, including validation data, were described previously (16) . Briefly, the calorimeter interior measured 32.8 ϫ 39.4 ϫ 26.2 m, corresponding to a volume of Ϸ27 000 L of air, and operated at an ambient temperature of 22.2 ± 0.5 ЊC and a relative humidity of 50% ± 5%. Subjects entered the calorimeter at 0900 and exited at 0730 the next morning. During this period, all oxygen and carbon dioxide circulating in the chamber was measured. An activity schedule based on the participant's habitual activity level (assessed by triaxial accelerometer) was imposed. Alternating periods of free time (eg, reading and television watching), light physical activity (eg, walking on the treadmill), meal consumption, and sleep occurred at fixed times. On each experimental day, the chambers were calibrated before use with pure gas mixtures. Propane combustion tests lasting 22.5 h were interspersed into the calorimetry schedule once a week to determine the accuracy and precision of the calorimeter.
EE and substrate oxidation were calculated from oxygen consumption ( · VO 2 ), carbon dioxide production ( · VCO 2 ), and urinary nitrogen excretion by using the equations of Acheson et al (17) . Sleeping EE was calculated from the lowest sustained metabolic rate achieved between 0200 and 0500, extrapolated to 24 h. Exercise EE was calculated as total EE during the prescribed exercise periods, which varied from individual to individual on the basis of their habitual activity. Spontaneous physical activity in the calorimeter was the amount of time (excluding treadmill walking) that the subject moved at a speed above a threshold of ±7 cm.
Food intake
All subjects completed a 4-d food record following instruction from a dietitian. In most cases this record was collected during the same 4 d that the subjects wore the triaxial motion sensor. Intake data were analyzed by using Moore's Extended Nutrient database (MENu; Pennington Biomedical Research Foundation, 1998). Most foods in the database were derived from the US Department of Agriculture's most current data sets, the Nutrient Database for Standard Reference (release 13, 2000) and the Survey Nutrient Database for the Continuing Survey of Food Intakes by Individuals (1994) (1995) (1996) . The database also contains many unique regional foods and combination food items. The database was validated and used in multicenter trials funded by the National Institutes of Health (18) .
Statistical analysis
Data were analyzed by using SAS-PC version 6.12 (SAS Institute Inc, Cary, NC). Descriptive statistics were calculated for each variable and normality was assessed. Variables that were not normally distributed were log transformed before analysis. The general linear models procedure (PROC GLM) was used to assess differences between African American and white women, adjusted as needed for covariates. Partial correlation analyses (adjusted for total energy intake) were performed to determine the relation between dietary intakes and body-composition variables in the whole population and in African American and white women separately. PROC GLM was used to compare the slopes of the relations between body composition and dietary variables by race. Multiple regression analysis with use of the R 2 selection procedure was performed to examine the relative importance of diet and activity factors on body composition. A P value of 0.05 was considered significant.
RESULTS
Subject characteristics are shown in Table 1 . The mean age of the subjects was 47.4 ± 0.2 y. African American women had a significantly higher body mass index, fat mass, lean mass, and percentage body fat than did white women.
EE measured by triaxial motion sensor and calorimetry and self-reported physical activity (by activity recall and activity diary) are shown in Table 2 . On the physical-activity-recall questionnaire, African American women reported significantly less leisure activity than did white women during the past week (both h/wk and kJ/d), although reported total activity (leisure and occupational) over the past year did not differ significantly by race. No women in the study reported anything other than light or moderate occupational activity, so it is unlikely that ethnic differences in occupational activity accounted for the discrepant results between activity over the past week and past year. In the daily activity diary, significant ethnic differences were observed in self-reported hours spent standing and in flights of stairs climbed daily. African American women spent significantly fewer hours standing (as opposed to sitting or lying down) and climbed significantly fewer flights of stairs/d than did white women. In contrast with selfreported data, there were no ethnic differences in measures of EE by triaxial motion sensor. In the subset of African American women who underwent whole-room calorimetry measures, African Americans had significantly lower sleeping EEs when adjusted for lean and fat mass, but there was no significant differences in total 24-h EE, total exercise EE, or spontaneous physical activity (ie, fidgeting) between the 2 groups (data not shown).
Dietary intakes are shown in Table 3 . There were no significant differences in energy, fat, or carbohydrate intakes between the races. Protein intake was slightly but significantly higher in white subjects. Additionally, polyunsaturated fat intakes were significantly higher in African Americans, whereas fiber, calcium, and magnesium intakes were significantly lower in the diets of African American women.
There were also significant race differences in the intakes of several dietary fatty acids. Specifically, white women consumed significantly more myristic acid (14:0), whereas African American women consumed more linoleic (18:2), arachidonic (20:4nϪ6), eicosapentanoic (EPA; 22:5nϪ3), and gadoleic (20:1) acids. When the database was accessed to determine the specific food sources of these fatty acids, the myristic acid intake in our population was found to be primarily from coffee creamer, cheese, and butter. The predominant sources of linoleic acid were salad dressings and mayonnaise, whereas arachidonic acid came primarily from chicken, turkey, and eggs; EPA from fish (mainly trout, salmon, and catfish); and gadoleic acid from jambalaya, peanuts, and canola oil.
Partial correlation coefficients (adjusted for total energy intake) between dietary intakes and measures of obesity are shown in Table 4 . Positive correlations between percentage body fat or BMI and total fat, saturated fat, monunsaturated fat, and dietary cholesterol were found. Additionally, intakes of 14:0, palmitic (16:0), palmitoleic (16:1), stearic (18:0), and oleic (18:1) acids were positively correlated with percentage body fat or BMI. Inverse correlations were observed between percentage body fat and fiber, calcium, magnesium, EPA, and docosahexanoic acid (22:6nϪ3) intakes. In general, the magnitude of the correlations was similar between African American and white women, although a few differences were noted. For example, the absolute magnitude of the correlations between body fat and fiber, calcium, and magnesium was greater in white than in African American women, whereas the correlation between 14:0 and body fat was greater in African American than in white women. When the slopes of the regression equations in the 2 groups were statistically compared by use of general linear models procedures, significant differences between races were found for the relation between BMI and dietary calcium (P = 0.04). The race difference in the slope between calcium and body fat was nearly significant (P = 0.07). Multiple regression analysis indicated that dietary fiber was the strongest independent predictor of percentage body fat, explaining 12% of the variance in a model that included fiber, total fat, saturated fat, monounsaturated fat, hours of exercise/d, and flights of stairs climbed/d ( Table 5) . Exercise was the second strongest individual predictor, explaining 9% of the variance in body fat. The best model (ie, maximum R 2 and minimum mean square error) accounted for 21% of the variance in body fat and included fiber, saturated fat, exercise, and flights of stairs climbed/d.
DISCUSSION
It has been recognized for some time that the prevalence of obesity is higher in African American than in white women and continues to increase (13) . Nevertheless, the causes of the high obesity prevalence rates in African American women, which likely include both genetic and lifestyle factors, have not been clearly elucidated. Several studies reported race differences in resting metabolic rate (8, 9, 11) or total or sleeping EE assessed by wholeroom calorimetry (7, 10, 12) . These studies consistently reported that African American women have lower metabolic rates (adjusted for body-composition variables) than do white women. Our finding that sleeping EEs are lower in African American women than in whites is consistent with these reports, although we did not observe a difference in total daily EE measured by calorimetry or by activity monitor between these 2 groups.
Recently, Luke et al (19) showed that the resting metabolic rate in Nigerian blacks does not differ from that in African Americans, suggesting that the difference in obesity prevalence between these 2 groups results from lifestyle or gene-environment interactions. Although this may be the case for populations that are genetically similar (eg, Nigerian and US blacks), it may not be true for more genetically dissimilar populations. Certainly, our data and the data from the other studies cited above suggest that there are differences in EE between US whites and blacks, although it is not clear whether this lower EE contributes to greater obesity in African Americans.
Race differences in physical activity patterns have not been as widely studied, but several studies have compared physical activity between African American and white women. With the use of a physical-activity-recall instrument, Tuten et al (20) found that white women had a greater mean physical activity in the previous 24-h time frame than did black women and that black women were significantly more sedentary. Additionally, 2 studies that used the doubly labeled water method (21, 22) showed that total daily EE was significantly lower in African American women than in white women, mainly because the African American women had lower physical-activity EEs. A third doubly labeled water study (23) found no significant differences in total daily EE between the 2 races but observed that African American women had lower physical activity EEs.
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The present study indicated that in the week prior to assessment, African American women reported less leisure-time activity, fewer hours spent standing, and fewer flights of stairs climbed/d, than did white women. However, the accelerometer data, a more objective measure of EE, showed no significant differences between groups. Furthermore, it is now recognized that inactivity, or sedentary behavior, may be as important a predictor of weight gain as activity per se. Although we did not directly assess inactivity, the fact that the number of hours spent standing was lower in African American women implies that they spent more time sitting or lying down. Television watching, however, a specifically recorded sedentary behavior, did not differ significantly between groups. Thus, it is not clear from the present data whether differences in physical activity contribute to racial differences in obesity.
There is little consensus on dietary differences between African American and white populations. Although some studies reported that total fat consumption is higher in African Americans than in whites in the United States (24), others did not find this difference (25) . The present study did not observe a difference in total dietary fat intake; however, intakes of polyunsaturated fat and several specific fatty acids differed between races. Interestingly, both groups of women reported consuming Ϸ35% energy as fat, which is higher than the current recommendations, particularly during a period of life involving increased risk of obesity. Additionally, African American women consumed lower amounts of protein, fiber, calcium, and magnesium than did white women. Both high fiber and high protein intakes have been associated with increased satiety and decreased food intake (26, 27) , and fiber was the strongest single predictor of body fat in our multiple regression analysis. High protein and high-carbohydrate diets were also shown to increase thermogenesis and satiety, relative to high-fat diets (28) .
Recent studies in both animals and humans suggest that high dietary calcium is associated with decreased body weight (29) . Although our data generally support this finding, the observation of ethnic differences in calcium intake, and the significantly different relation between calcium intake and body fat in whites and in African Americans indicate that the results should be interpreted with caution. Nevertheless, the dietary pattern followed by the African American women in our study, which consisted of low intakes of protein, fiber, and calcium, and high intakes of certain types of fat, may promote obesity.
The present study had several limitations that deserve comment. First, we recognize that cross-sectional data provide little information about the predictive value of ethnic differences in EE and diet. A longitudinal study of this cohort is in progress that should provide important information on whether activity or dietary patterns predict weight gain during the menopause transition.
Second, the limitations of self-reported physical activity and dietary intakes are well recognized. Our data indicate obvious underreporting of dietary intake in relation to the more objective triaxial motion sensor measures of EE. As shown in Tables 2  and 3 , subjects reported consuming Ϸ6700-7100 kJ/d (1600-1700 kcal/d) although their measured EE was Ϸ8300 kJ/d (2000 kcal/d). Assuming that most individuals were weight stable, this represents an underreporting of intake of Ϸ1250-1675 kJ/d (300-400 kcal/d). On the other hand, self-reported physical activity may have been overestimated, particularly estimates of habitual activity over the past year. Activity estimates over the past week (2.5 and 5.1 h/wk in African Americans and whites, respectively) seemed reasonable, especially given that our study population appeared to be somewhat health conscious and may have been more physically active than the average population.
Finally, Kumanyika (30) recently indicated the difficulties in separating socioeconomic and genetic factors from other ethnicity-related factors when interpreting observed differences in variables such as EE. Although our population was fairly wellmatched for socioeconomic status with most of the participants being middle class, the genetic issue cannot be easily addressed. Kumanyika also notes the importance of collecting longitudinal data and examining differences within race (ie, factors that differ over time between women who gain excess weight and those who do not). Our ongoing longitudinal study of this population will hopefully allow us to address such issues.
In conclusion, the present study suggests several ethnic differences in factors contributing to the energy balance in women nearing menopause. Specifically, African American women had significantly lower EE, both in terms of basal metabolism and self-reported physical activity, although measured total EE was not lower in this group. Furthermore, although reported total energy and total fat intakes did not differ significantly between groups, there were significant ethnic differences in intakes of fiber, protein, calcium, and specific fatty acids that may have implications for the development of obesity. Longitudinal followup of this cohort will clarify the role of such EE and dietary differences on the development of obesity during menopause.
